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A method for database processing includes allocating pri-
mary, secondary and tertiary data structures for each column.
Columnar content is written into the primary data structure.
Updated values are written into the tertiary data structure.
Storage keys indicate correspondence to the primary data
structure. Query responses involve first reading updated val-
ues from the tertiary data structure, sorting by storage keys,
storing into the secondary data structure, and clearing the
tertiary data structure. Then the primary and secondary data
structures are consulted to respond to the query, reading the
value for each row from the secondary data structure where
present, otherwise from the primary data structure. A commit
phase produces a new version of the primary data structure by
merging the secondary data structure and an old version of the
primary data structure, consulting them in a similar manner.
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1
MECHANISM FOR UPDATES IN A DATABASE
ENGINE

FIELD OF THE INVENTION

The present invention generally relates to what is com-
monly called a database engine, that is, a programmed data
processing apparatus that implements internal operations of a
database, such as data creation, reading, updating and dele-
tion, regardless of the cognitive meaning of the data. More
particularly, the invention relates to the performance of a
database in the presence of a large volume of updates.

BACKGROUND OF THE INVENTION

Reference document 1 (Stonebraker et al.) generally
explains how column-oriented databases differ from more
traditional row-oriented databases. In very general terms, in a
traditional row-oriented database engine attributes ofa record
(or tuple) are placed contiguously in storage. Row-oriented
database engines provide good performance for writing (in-
serting and updating data), and they are efficient for On-Line
Transaction Processing (“OLTP”). Stonebraker et al. also
disclose an example of a column-oriented database engine in
which the values for each single column (or attribute) are
stored contiguously. A column-oriented storage layout sup-
posedly allows for better compression of data, because typi-
cally the variation among the same attribute for all records is
smaller than the variation among all the attributes of a single
record. In a modern database server the performance bottle-
neck is often the data transfer speed to and from the perma-
nent storage, and better compression alleviates this bottle-
neck. As a result, column-oriented database engines are
increasingly popular for applications that involve reading
large volumes of data. Such applications are frequently called
On-Line Analytical Processing (“OLAP”) applications.
OLAP database engines are optimized for reading or query
processing in applications wherein a query may span a great
deal of all the data stored in the database.

One of the problems associated with the above arrange-
ment is related to the fact that when an attribute of a record in
the database is to be updated, it may not be possible to update
that piece of data in-place in the compressed form. Typically,
the entire compressed data block has to be re-compressed. If
there is a large volume of updates to process, this re-compres-
sion may have a great adverse effect on the update perfor-
mance ina column-oriented database which utilizes compres-
sion.

DISCLOSURE OF THE INVENTION

An object of the present invention is thus to provide a
method, an apparatus and a computer program product so as
to alleviate one or more of the problems identified above. The
object ofthe invention is achieved by aspects of the inventions
as defined in the attached independent claims. The dependent
claims and the following detailed description and drawings
relate to specific embodiments which solve additional prob-
lems and/or provide additional benefits.

An aspect of the invention is a method according to claim
1. Other aspects of the invention include an apparatus for
carrying out the method and a computer program product
whose execution in an appropriately configured programmed
data processing system causes the system to carry out the
method according to claim 1.

Another aspect of the invention includes a database server
system configured to carry out the inventive method. Yet
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another aspect of the invention is a computer program carrier
embodying a computer program suite for carrying out the
inventive method when the program suite is executed on the
database server system.

The invention can be implemented as a method for operat-
ing a computer-implemented database. As is well-known, the
operation of a computerized database comprises several
phases, such as database set-up phase, a write phase, an
update phase, a query phase and a commit phase. In a method
according to the invention, a database server performs the
following steps for each of one or more columns in each of
one or more tables:

The set-up phase comprises allocating at least one primary
data structure, at least one secondary data structure, and
at least one tertiary data structure. For the purposes of the
present invention, the set-up phase is the phase wherein
various data structures are allocated. Allocation of data
structures can be fixed or dynamical, and preferably a
mixed allocation strategy is implemented, such that allo-
cation is fixed for the primary data structure(s) but
dynamical for the secondary and tertiary data structures.
Dynamical allocation means that the data structures can
grow and shrink as needed.

For a non-partitioned table, one each of the primary, sec-
ondary and tertiary data structure suffices per column, but for
horizontally partitioned tables, a separate primary, secondary
and tertiary data structure should be allocated for each hori-
zontal partition of a column. In the interest of brevity and
clarity, the remaining steps of the method will be described
for the non-partitioned case.

The write phase comprises writing columnar content in a
compressed format into the primary data structure. This
step can be performed similarly to writing columnar
content in a known database.

The update phase comprises writing an updated value for
each updated column of each updated row into the ter-
tiary data structure of the respective column, along with
a storage key that indicates a corresponding row in the
primary data structure. Two items are thus written for
each updated value, namely the value itself and a storage
key that links the value to its corresponding row in the
primary data structure. The primary data structure need
not have an explicit storage key, and the row number can
be used as an implicit storage key. But because the
tertiary data structure stores only updated values in the
order in which the values have been updated, the rows of
the tertiary data structure do not have a one-to-one cor-
respondence to the rows of the primary data structure.
Hence there is a need for an explicit storage key that
associates each updated value in the tertiary data struc-
ture with its counterpart in the primary data structure.

The query phase comprises reading the updated values and
the storage keys from the tertiary data structure, sorting
the updated values by their storage keys and storing the
sorted values and the storage keys in the sorted order into
the secondary data structure, and clearing the tertiary
data structure. As a result of this step, both the primary
data structure and the secondary structure are sorted
according to the same key, namely the storage key that
associates each value of the secondary data structure
with its counterpart (value prior to updating) in the pri-
mary data structure. Then the server computer responds
to the database query by consulting the primary data
structure and the secondary data structure. This means
that the value for a storage key is read from the second-
ary data structure if the secondary data structure holds a
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value for that storage key. Otherwise the value is read
from the primary data structure.

The database commit phase comprises producing a new
version of the primary data structure by merging the
secondary data structure and an old version of the pri-
mary data structure. Similarly to the consulting opera-
tion, the merging operation comprises reading a value
for a storage key from the secondary data structure if the
value exists and otherwise from the primary data struc-
ture.

BRIEF DESCRIPTION OF THE DRAWINGS

In the following, the invention will be described in greater
detail by means of specific embodiments with reference to the
attached drawings, in which

FIG. 1 schematically illustrates an operating principle of
the invention;

FIG. 2 schematically shows a block diagram of a database
server system,

FIG. 3 explains an operating principle of the invention; and

FIG. 4 illustrates mutual isolation of concurrent transac-
tions.

DETAILED DESCRIPTION OF THE SPECIFIC
EMBODIMENTS

FIG. 1 schematically illustrates an operating principle of
the invention. For the sake of clarity and brevity, FIG. 1 only
illustrates a data structure for one column of one table of a
columnar database, and any remaining columns and tables
may be processed similarly. A columnar database, generally
denoted by reference numeral 100, comprises a primary data
structure 110, a secondary data structure 120 and a tertiary
data structure 130. Initially, when the database is empty, new
data is written into the primary data structure 110. The num-
bers 1 through 5 schematically depict storage keys within the
primary data structure 110. Later, when updated content is to
be written into the database 100, the updated content is writ-
ten into the tertiary data structure 130. Writing of the updated
content into the tertiary data structure 130 takes place without
sorting, whereby writing speed is maximized. Still later,
when queries are to be made into the database, the updated
content is read from the tertiary storage 130, sorted and writ-
ten as sorted content into the secondary data structure 120. As
shown in FIG. 1, the tertiary and secondary data structures
130, 120 are generally smaller than the primary data structure
110. Hashed lines in the secondary and tertiary data structures
120, 130, indicate that the allocation of storage is dynamic
rather than fixed, and the data structures 120, 130 may grow
and shrink as needed.

Separating the sorting operation from the update opera-
tions, which maximizes the speed of writing updates at the
expense of reading speed of the updated content, may appear
counter-intuitive in connection with OLAP databases. But
reading speed is most crucial in operations involving large
data ranges, and such operations can be optimized by per-
forming the sorting separately from updating.

FIG. 2 schematically shows a block diagram of a database
server system SS. The two major functional blocks of the
database server system SS are a database server computer 200
and a disk system 290. The server computer 200 comprises
one or more central processing units CP1 . . . CPn, generally
denoted by reference numeral 210. Embodiments comprising
multiple processing units 210 are preferably provided with a
load balancing unit 215 that balances processing load among
the multiple processing units 210. The multiple processing
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units 210 may be implemented as separate processor compo-
nents or as physical processor cores or virtual processors
within a single component case. The server computer 200
further comprises a network interface 220 for communicating
with various data networks, which are generally denoted by
reference sign DN. The data networks DN may include local-
area networks, such as an Ethernet network, and/or wide-area
networks, such as the internet. The server system SS serves
one or more client terminals, generally denoted by reference
sign CT, via the data networks DN.

The server computer 200 of the present embodiment also
comprises a user interface 225. Depending on implementa-
tion, the user interface 225 may comprise local input-output
circuitry for a local user interface, such as a keyboard, mouse
and display (not shown). Alternatively or additionally, man-
agement of the server computer 200 may be implemented
remotely, by utilizing the network interface 220 and a termi-
nal similar to the client terminals CT. The nature of the user
interface depends on which kind of computer is used to imple-
ment the server computer 200. Ifthe server computer 200 is a
dedicated computer, it may not need a local user interface, and
the server computer 200 may be managed remotely, such as
from a web browser over the internet, for example. Such
remote management may be accomplished via the same net-
work interface 220 that the server computer utilizes for traffic
between itself and the client terminals.

The server computer 200 also comprises memory 250 for
storing program instructions, operating parameters and vari-
ables. Reference numeral 260 denotes a program suite for the
server computer 200.

The server computer 200 also comprises circuitry for vari-
ous clocks, interrupts and the like, and these are generally
depicted by reference numeral 230. The server computer 200
further comprises a disk interface 235 to the disk system 290.
The various elements 210 through 250 intercommunicate via
a bus 205, which carries address signals, data signals and
control signals, as is well known to those skilled in the art.

The inventive method may be implemented in the server
system SS as follows. The program suite 260 comprises pro-
gram code instructions for instructing the set of processors
210 to execute the functions of the inventive method, wherein
the functions include configuring the data structure 100 (cf.
FIG. 1) in the disk system 290. Specifically, the functions of
the inventive method include the acts defined in claim 1.

FIG. 3 explains an operating principle of the invention. The
following description relates to a case wherein one each of the
primary, secondary and tertiary data structures are maintained
for each column. In some embodiments the database tables
may be horizontally partitioned, such that a range of rows
corresponds to a partition. In such embodiments it is benefi-
cial to maintain the primary, secondary and tertiary data struc-
tures separately for each partition of a column in each parti-
tioned table. Implementing the invention in a partitioned table
involves no changes to the drawings, apart from the fact that
the primary, secondary and tertiary data structures do not
correspond to entire columns but to partitions of the columns.

The status of the primary, secondary and tertiary data struc-
tures 110, 120, 130 will be shown in four distinct processing
phases, designated by letters A, B, C and D, one of which will
be appended to the reference numeral of the respective data
structure. For instance, reference numeral 120C refers to the
secondary data structure 120 in processing phase C. It should
be understood that while data in the primary data structure
110 is actually stored in a compressed format, the present
discussion relates to the uncompressed content, so as to allow
visual tracking of the flow of information.
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In the first processing phase A, the primary data structure
110A is shown with five variable-length data elements num-
bered with keys 1 through 5. As shown, the contents of the
data elements are nonsensical, but they follow a pattern that
facilitates following the process through the phases A through
D. In that pattern, original content is shown in uppercase
letters, while updated content is shown in lowercase letters. In
the first processing phase A, the secondary and tertiary data
structures 120A, 130A are empty.

In the second processing phase B, the database server
receives three update statements and writes the updated val-
ues in the tertiary data structure 130B. In the illustrated
example, updated content is written for storage keys 3, 1 and
4 (in that order) into the tertiary data structure 130B. In this
phase, the secondary data structure 120B remains empty.

In the third processing phase C, an operation to read the
data in is initiated, and the database engine makes prepara-
tions for that. In the second processing phase B, the tertiary
data structure 130B is unsorted, whereby reading its contents
requires an exhaustive search through the tertiary data struc-
ture 130. In order to expedite reading operations, the updated
content for storage keys 3, 1 and 4 is read from the tertiary
data structure 130B, sorted by the storage key and written into
the secondary data structure 120C. The tertiary data structure
130C becomes empty. The act of reading content from the
tertiary data structure, sorting and writing into the secondary
data structure are preparatory acts for reading the data in the
particular column of the particular table. Finally, when the
database is actually read, the reading process is illustrated by
reference numeral 140C. In the reading step depicted by
reference numeral 140C, data elements for the keys 1 through
5 are read first from the primary data structure 110C, and if an
updated version for the data elements is stored in the second-
ary data structure 120C, that updated version from the sec-
ondary data structure 120C overrides the original version
from the primary data structure 110C. An equivalent result is
obtained from an alternative reading operation wherein data
elements are first searched in the secondary data structure
120C, and if the secondary data structure 120C does not have
an entry for a data element (such as elements 2 and 5 in the
present example), the corresponding data elements are read
from the primary data structure 110C. Reference numeral
140C depicts the result of the reading step for keys 1 through
5, wherein data elements with keys 1, 3 and 4 (lower case
letters) are read from the secondary data structure 120C,
while data elements with keys 2 and 5 (upper case letters) are
read from the primary data structure 110C.

The fourth processing phase D illustrates a transaction
commit operation. In this operation, the data from primary
and secondary data structures are merged, resulting in a new
version of the compressed primary data, denoted by reference
numeral 110D. In the merge operation, values for storage
keys 1, 3 and 4 are read from the secondary data structure
120C, while the values for storage keys 2 and 5 are read from
the primary data structure 110C. Merged data will be written
in a compressed format into the new version of the com-
pressed primary data structure 110D. The secondary and ter-
tiary data structures 120D and 130D become empty.

FIG. 4 illustrates mutual isolation of concurrent transac-
tions, ie, transactions that at least partially overlap in time.
The scenario shown in FIG. 3 is depicted for one transaction
only, and things look quite different for a different, concur-
rent, transaction. This is illustrated in FIG. 4.

Reference numeral 110" again depicts the primary data
structure. But the secondary and tertiary data structures are
implemented separately for each transaction, two of which
are shown in FIG. 4. (It is obvious that two transactions
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suffice to illustrate the isolation of transactions, but otherwise
the number is purely arbitrary.) Reference numerals 420, and
430, depict, respectively, the secondary and tertiary data
structures for a first transaction, while the corresponding data
structures for the second transaction are depicted by reference
numerals 420, and 430,. When the first transaction reads the
data elements 1 through 5, the results are depicted by refer-
ence numeral 440,. Similarly, when the second transaction
reads the data elements 1 through 5, the results are depicted by
reference numeral 440,. As shown in FIG. 4, the data ele-
ments unchanged by a transaction are read from the primary
data structure 110", while data elements changed by a trans-
action are read from the secondary data structure of the trans-
action in question. Thus all transactions are isolated from
each other. (Skilled readers will understand that in the present
example, the ratio of changed data to unchanged data is
purely arbitrary.)

It will be apparent to a person skilled in the art that, as the
technology advances, the inventive concept can be imple-
mented in various ways. The invention and its embodiments
are not limited to the examples described above but may vary
within the scope of the claims.
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The invention claimed is:
1. A method for operating an electronic database, the
method comprising:

performing following acts by a server computer for each of

one or more columns in each of one or more tables:

in a database set-up phase:
allocating at least one primary data structure, at least one

secondary data structure, and at least one tertiary data
structure;

in a database write phase:
writing columnar content in a compressed format into the

at least one primary data structure;
in a database update phase:
writing an updated value for each column of each updated
row into the at least one tertiary data structure of the
respective column, along with a storage key that indi-
cates a corresponding row in the at least one primary
data structure;
in a database query phase:
reading the updated values and the storage keys from the at
least one tertiary data structure, sorting the updated val-
ues by their storage keys and storing the sorted values
and the storage keys in the sorted order into the at least
one secondary data structure, and clearing the at least
one tertiary data structure;

responding to a database query by consulting the at least
one primary data structure and the at least one secondary
data structure;

in a database commit phase:
producing a new version of the at least one primary data

structure by merging the at least one secondary data
structure and an old version of the at least one primary
data structure;

wherein the consulting and merging comprise reading a value

for a storage key from the at least one secondary data structure

if the value exists and otherwise from the at least one primary
data structure.
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2. The method according to claim 1, further comprising:
maintaining the secondary data structure and tertiary data
structure separately for each of several concurrent transac-
tions.

3. The method according to claim 1, further comprising:
maintaining, for a horizontally partitioned table, a separate
primary data structure, secondary data structure and tertiary
data structure for each horizontal partition of each of several
columns of the horizontally partitioned table.

4. A database server computer for operating an electronic
database, the database server computer comprising

at least one processing unit;

memory for storing applications and data;

wherein the memory comprises program code instructions

for instructing the at least one processing unit to carry
out the following steps for each of one or more columns
in each of one or more tables:
in a database set-up phase:
allocating at least one primary data structure, at least one
secondary data structure, and at least one tertiary data
structure;
in a database write phase:
writing columnar content in a compressed format into the
at least one primary data structure;
in a database update phase:
writing an updated value for each column of each updated
row into the at least one tertiary data structure of the
respective column, along with a storage key that indi-
cates a corresponding row in the at least one primary
data structure;
in a database query phase:

reading the updated values and the storage keys from the at
least one tertiary data structure, sorting the updated val-
ues by their storage keys and storing the sorted values
and the storage keys in the sorted order into the at least
one secondary data structure, and clearing the at least
one tertiary data structure;

responding to a database query by consulting the at least

one primary data structure and the at least one secondary
data structure;

in a database commit phase:

producing a new version of the at least one primary data

structure by merging the at least one secondary data
structure and an old version of the at least one primary
data structure;

wherein the consulting and merging comprise reading a value

for a storage key from the at least one secondary data structure

if the value exists and otherwise from the at least one primary

data structure.

5. The database server computer according to claim 4,
wherein the memory further comprises program code instruc-
tions for instructing the at least one processing unit to main-
tain the secondary data structure and tertiary data structure
separately for each of several concurrent transactions.

6. The database server computer according to claim 4,
wherein the memory further comprises program code instruc-
tions for instructing the at least one processing unit to main-
tain, for a horizontally partitioned table, a separate primary
data structure, secondary data structure and tertiary data
structure for each horizontal partition of each of several col-
umns of the horizontally partitioned table.
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7. The database server computer according to claim 4,
wherein the database server computer comprises multiple
processing units and a load-balancing unit for distributing
processing load among the multiple processing units.

8. A non-transitory computer program carrier, having
encoded thereon a set of computer program instructions,
which are executable in a database server computer for oper-
ating an electronic database, wherein the database server
computer comprises at least one processing unit and memory
for storing applications and data;

wherein execution of the computer program instructions in

the database server computer causes the database server
computer to carry out the following steps for each of one
or more columns in each of one or more tables:

in a database set-up phase:

allocating at least one primary data structure, at least one
secondary data structure, and at least one tertiary data
structure;

in a database write phase:

writing columnar content in a compressed format into
the at least one primary data structure;

in a database update phase:

writing an updated value for each column of each
updated row into the at least one tertiary data structure
of'the respective column, along with a storage key that
indicates a corresponding row in the at least one pri-
mary data structure;

in a database query phase:

reading the updated values and the storage keys from the
at least one tertiary data structure, sorting the updated
values by their storage keys and storing the sorted
values and the storage keys in the sorted order into the
at least one secondary data structure, and clearing the
at least one tertiary data structure;

responding to a database query by consulting the at least
one primary data structure and the at least one sec-
ondary data structure;

in a database commit phase:

producing a new version of the at least one primary data
structure by merging the at least one secondary data
structure and an old version of the at least one primary
data structure;

wherein the consulting and merging comprise reading a

value for a storage key from the at least one secondary
data structure if the value exists and otherwise from the
at least one primary data structure.

9. The non-transitory computer program carrier according
to claim 8, wherein execution of the computer program
instructions in the database server computer causes the data-
base server computer to maintain the secondary data structure
and tertiary data structure separately for each of several con-
current transactions.

10. The non-transitory computer program carrier accord-
ing to claim 8, wherein execution of the computer program
instructions in the database server computer causes the data-
base server computer to maintain, for a horizontally parti-
tioned table, a separate primary data structure, secondary data
structure and tertiary data structure for each horizontal parti-
tion of each of several columns of the horizontally partitioned
table.



